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LITHOGRAPHIC PRINTING INKS CX5MPRISING ACID-FUNCTIONAL VINYL POLYMER AND POLYOL PHASE 

FIFI n OF THF INVENTION 

The present invention relates to compositions of lithographic printing 

5 inks and lithographic printing methods. 
RACKGROUNn OF THF INVENTION 

Printing inks generally include one or more vehicles and one or more 
colorants as principal components. Printing ink vehicles must meet a number 
of performance requirements that include both requirements related to the 
10 printing process, such as suitable consistency and tack for sharp, clean 
images, suitable length to avoid fly or mist, or proper drying characteristics, 
and requirements related to the printed image, such as gloss, chemical 
resistance, durability, or color. In general, ink vehicles include one or more 
materials such as vegetable oils or fatty acids, resins, and polymers that 
15 contribute to the end product properties, and may include other components 
such as organic solvents, water, rheology modifiers, and so on that may affect 
body, tack, or drying characteristics. 

In lithographic printing, an Inked printing plate contacts and transfers 
an inked image to a rubber blanket, and then the blanket contacts and 
20 transfers the image to the surface being printed. Lithographic plates are 
produced by treating the image areas of the plate with an oleophilic material 
and ensuring that the non-image areas are hydrophilic. In a typical 
lithographic printing process, the plate cylinder first comes in contact with 
dampening rollers that transfer an aqueous fountain solution to the hydrophilic 
25 non-image areas of the plate. The dampened plate then contacts an inking 
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roller, accepting the ink only in the oleophilic image areas. The press 
operator must continually monitor the printing process to insure that the 
correct balance of the fountain solution and the ink is maintained so that the 
ink adheres to the printing areas, but only the printing areas, of the plate in 
5 order to produce a sharp, well-defined print. 

The industry has long sought an offset printing process and associated 
materials that would not require a separate fountain solution. Wateriess 
plates have been made by applying to the non-image area a silicone rubber, 
which has a very low surface energy and is not wetted by the ink. The 
10 silicone-modified plates are expensive, however, and require expensive, 
specially-cooled press equipment because the fountain solution of the 
traditional two-fluid method also serves as a coolant. Other efforts have been 
directed to producing a single-fluid lithographic ink. i.e.. an ink that does not 
require a separate fountain solution, that can be used with the industry- 
15 standard presses and all-metal plates. Paricinson, in U.S. Patent No. 
4.045.232 (the entire disclosure of which is expressly incorporated herein by 
reference) describes lithographic printing and eariier efforts directed to 
producing a single-fluid lithographic ink and the tendency of single-fluid inks 
to be unstable. Parkinson notes that ink emulsions containing a solution of 
20 glycerin and salts tend to "break.- with the result that the glycerin wets the 
inking rollers preventing good inking. Paricinson suggests an improved 
single-fluid ink obtained by using an additive that includes a resin treated with 
a concentrated mineral acid, and, optionally, a polyhydric or monohydric 
alcohol. Preferred polyols are glycerin, ethylene glycol, and propylene glycol. 
25 DeSanto. Jr. et al, in U.S. Patent No. 4.981.517 (the entire disclosure of 
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Which is expressly incorporated herein by reference) describe a printing ink 
that is an. emulsion of an oil-based phase and a water-miscible phase. The 
patentees allege that an emulsion containing a significant portion of water 
(10% to 21%) and employing phosphoric acid as a critical component has 
5 improved stability against phase separation and can be used as a single-fluid 
lithographic ink. The De Santo. Jr. composition further includes as a diluent 
and emulsion stabilizer an oil with the properties of No. 1 and No. 2 fuel oils 
and a polyol emulslfier. of which glycerin and ethylene glycol are the only 
examples provided. 

10 Nonetheless, due to various drawbacks of the single-fluid lithographic 

inks that have previously been proposed, including the limited stability and 
poor definition and toning already mentioned, the industry standard continues 
to be a dual-fluid lithographic ink that includes an ink component and a 
separate fountain solution component. 
15 Applicants have now discovered that an ink composition that includes 

a polyol phase dispersed or emulsified in an acid-functional vinyl resin vehicle 
phase overcomes these problems in a single-fluid lithographic ink. 

IMMARY OF THE INVENTION 
The invention provides a single fluid lithographic printing ink 
20 composition that includes a hydrophobic phase and a polyol phase. The 
hydrophobic phase comprises at least a vinyl resin having carboxyl 
functionality. The term "vinyl resin" when used in conjunction with the present 
invention includes polymers prepared by chain reaction polymerization, or 
addition polymerization, through carbon-carbon double bonds, using vinyl 
25 monomers such as acrylic and methacrylic monomers, vinyl aromatic 
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monomers including styrene. and monomers copolymerizable with these. 
The vinyl polymers of the invention may be branched by including in the 
polymerization reaction monomers that have two reaction sites. When the 
vinyl polymer is branched, it nonetheless remains usefully soluble. By 
5 -soluble" it is meant that the polymer can be diluted with one or more 
solvents. (By contrast, polymers may be crosslinked into insoluble, three- 
dimensional networic structures that are only be swelled by solvents.) The 
branched vinyl resins of the invention unexpectedly retain solubility in spite of 

significant brandling. 
10 The invention further provides a method of making an ink composition 

having a phase that includes a vinyl resin having carboxyl functionality and a 
polyol phase. In another aspect of the invention, the vinyl-based printing ink 
is modified by the addition of another vehicle resin. The invention also 
provides a process of printing using the single fluid ink of the invention. 
15 The invention has unexpectedly provided stable inks that can be used 

as single fluid inks with improved resistance to toning. 

PPT^I, pn npc^r.RIPTION Q P THF INVENTION 
The invention provides a single fluid lithographic printing ink 
composition that includes a hydrophobic phase and a polyol phase. The 
20 hydrophobic phase comprises at least a vinyl resin having carboxyl 
functfonality. The tern, "vinyl resin" when used in conjunction with the present 
invention includes polymers prepared by chain reaction polymerization, or 
addition polymerization, through carbon-carbon double bonds, using vinyl 
monomers and monomers copolymerizable with vinyl monomers. Typical 
25 vinyl monomers include, without limitation, vinyl esters, acrylic and 
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methacryiic monomers, and vinyl aromatic monomers including styrene. The 
vinyl polymers of the Invention may be branched by including in the 
polymerization reaction monomers that have two reaction sites. When the 
vinyl polymer is branched, it nonetheless remains usefully soluble. By 
5 -soluble" it is meant that the polymer can be diluted with one or more 
solvents. (By contrast, polymers may be crosslinked into insoluble, three- 
dimensional network stmctures that are only be swelled by solvents.) The 
branched vinyl resins of the invention unexpectedly retain solvent dilutability 
in spite of significant branching. 
10 The carboxyl-functional vinyl polymers of the invention may be 

prepared by polymerization of a monomer mixture that includes at least one 
acid-functional monomer or at least one monomer that has a group that is 
converted to an acid group following polymerization, such as an anhydride 
group. Examples of acid-functional or anhydride-functional monomers 
15 include, without limitation, a.p-ethylenicaliy unsaturated monocartDoxylic acids 
containing 3 to 5 carbon atoms such as acrylic, methacryiic. and crotonic 
acids; a.p-ethylenically unsaturated dicarboxylic acids containing 4 to 6 
carbon atoms and the anhydrides and monoesters those acids, such as 
maleic anhydride, and fumaric acid; and acid-functional derivatives of 
20 copolymerizabie monomers, such as the hydroxylethyl acrylate half-ester of 
succinic acid. 

It is preferred to include an acid-functional monomer such as acrylic 
acid, methacryiic acid, or crotonic acid, or an anhydride monomer such as 
maleic anhydride or itaconic anhydride that may be hydrated after 
25 polymerization to generate acid groups. It is preferred for the acid-functional 
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vinyl polymer to have an acid number of at least about 3 mg KOH per gram 
nonvolatile, preferably an acid number of from about 6 to about 30 mg KOH 
per gram nonvolatile, and more preferably an acid number of from about 8 to 
about 25 mg KOH per gram nonvolatile, based upon the nonvolatile weight of 

5 the vinyl polymer. 

In a preferred embodiment, the acid-functional polymers of the 
invention are significantly branched. The inks of the invention include a vinyl 
polymer that is branched but usefully soluble. The branched vinyl polymers of 
the invention may be diluted, rather than swollen, by addition of solvent. The 
10 branching may be accomplished by at least two methods. In a first method, a 
monomer with two or more polymerizable double bonds is included in the 
polymerization reaction. In a second method, a pair of ethylenically 
unsaturated monomers, each of which has in addition to tiie polymerizable 
double bond at least one additional functionality reactive with the additional 
15 functionality on the other monomer, are included in the monomer mixture 
being polymerized. Preferably, the reaction of the additional functional 
groups takes place during the polymerization reaction, although this is not 
seen as critical in the fomiation of a polymer according to the invention and 
the reaction of the additional functional groups may be carried out partially or 
20 wholly before or after polymerization. A variety of such pairs of mutually 
reactive groups are possible. Illustrative examples of such pairs of reactive 
groups include, witiiout limitation, epoxide and carboxyl groups, amine and 
carboxyl groups, epoxide and amine groups, epoxide and anhydride groups, 
amine and anhydride groups, hydroxyl and carboxyl or anhydride groups. 
25 amine and acid chloride groups, alkylene-imine and carboxyl groups. 
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organoalkoxysilane and carboxyl groups, isocyanate and hydroxyl groups, 
cyclic carbonate and amine groups, isocyanate and amine groups, and so on. 
When carboxyl or anhydride groups are included as one of the reactive 
groups, they are used in a sufficient excess to provide the required carboxyl 
5 funcUonality in the vinyl resin, specific examples of such monomers include. 

without limitation, glycidyl (meth)acrylate with (meth)acrylic acid. N- 
alkoxymfethylated acrylamides (which react with themselves) such as N- 
isobutoxymethylated acrylamide. gamma-methacryloxytrialkoxysilane (which 
reacts with itselO. and combinations thereof. In connection with the 
10 description of this invention, the terni "(meth)ac,ylate- will be used to refer to 
both the acrylate and the methacrylate esters and the tern, ••(meth)acnrlic" will 
be used to refer to both the acrylic and the methacrylic compounds. 

Preferably, the vinyl resin of the invention Is polymerized using at least 
one monomer having two or more polymerizable ethylenically unsaturated 
15 bonds, and particularly preferably from two to about four polymerizable 
ethylenically unsaturated bonds. Illustrative examples of monomers having 
two or more ethylenically unsaturated moieties include, without limitation. 
(meth)acrylate esters of polyols such as 1 .4-butanediol di(meth)acrylate. 1.6- 
hexanediol di(meth)acnrlate. neopentyl glycol di(meth)acrylate. trimethylol 
20 propane tri(meth)acrylate. tetramethylol methane tetra(meth)acrylate. 
pentaerythritol tetra(meth)acrylate. dipentaerythritci penta(meth)acrylate. 
dipentaerythritol hexa(meth)acrylate. alkylene glycol di(meth)acrylates and 
polyalkylene glycol di(meth)acrylates. such as ethylene glycol 
di(meth)acrylate. butylene glycol di(meth)acrylate. diethylene glycol 
25 di(meth)acrylate. triethylene glycol di(meth)acrylate. and polyethylene glycol 
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dKnneth)ao,vla.e; divinylbenzene. ally! methacylale, diaUyl phthalate. diall,. 
.eraphthalate, and the like, singly or in combinations of two or more. Of 
U,ese. divinylbanzene. butylene glycol dimathacntete. butanediol 
dimetl^oyiate, trimelhylolpropane triacrylala, and pentaerythrllol tetra- 
5 acylate are highly preferred, and divinylbenzene is still more highly prefened. 

Preferably, the branched vinyl polymer is polymerized using at least 
about O.008 equivalents per 100 grams of monomer polymerized of at least 
one monomer having at least two ethylenically unsaturated polymerizable 
bonds, or 0.004 equivalents per 100 grams of monomer polymerized of each 
,0 of two monomers having mutually readwe groups In addition to an 
ethylenically unsaturated polymerizable bond. Preferably, the branched vinyl 
polymer is polymerized using from about 0.012 to about 0.08 equivalents, and 
more preferably from about 0.016 to about 0.064 equivalents per 100 grams 
of monomer polymerized of the polyfundlonai monomer or monomers having 
,5 at least two ethylenically unsaturated polymerizable bonds or of «.e pair of 
monomers having one pc-ymerization bond and one addiUonal mutually 
reactive group. 

The polyfunctlonal monomer or monomers preferably have ftora two to 
four ethylenically unsaturated polymerizable bonds, and more preferably two 
20 ethylenically unsaturated polymerizable bonds. In one embod^nent it is 
preferred for the branched vinyl resin to be prepared by polymerizing a 
mbdure of rr^nomers that Includes from about 0.5% to about 6%. more 
preferably from about 1.2% to about 8%. yet more preferably from about 1.2% 
,0 about 4%. and even more preferably fn=m about 1.5% to about 3.25% 
25 dlvlnylbenzene based on the total weight of the monomers polymerized. 
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(Commercial grades of divinylbenzene include mono-functional and/or non- 
ft,„c«on3l ™»nal. The amount of the commercial material needed to 
provide the indicated percentages must be calculated. For example. 5% by 
vveight of a material that is 80% by weight divinylbenzene«)% mono- 
5 funcdonai mo.»mers would provWe 4% by weight of me divinylbenzene 
fraction.) 

The optimum amount of (1) divinylbenzene or other monomer having 
■ at least two polymerizable ethylenically unsaturated bond or (2) pair of 
monomers having polymerizabie group and addHional. mutually-reaCive 
,0 gmups that are Included in the polymerization mixture depends to some 
extent upon the particular reaction condlUons. such as the rata of addition of 
monomers dunng polymerization, the solvency of the polyiner being fdmied in 
,ha mactlon medium chosen, the amount of monomers relative to the reaction 
medium, the half-life of the initiator chosen at the reaction temperature and 
,5 the amount of Mator by weight of the monomers, and may be detam-ined by 

straightforward testing. 

other monomers that may be polymerized along with the 
■ ' polyfunctional monomers and the acid-functlonal monomers (or monomers 
with groups that can later be converted to acid groups) include, without 
20 limitation, esters of a,p-ethylenicaily unsaturated monocart>oxyllc acids 
containing 3 to 5 carbon atoms such as esters of acylic, methacyic. and 
crotonic adds; a.Mhylenically unsaturated dicart*,xyiic acids containing 4 to 
6 cart>on atoms and the anhydrides, monoesters. and dlesteiS of those acids; 
Vinyl esters, vinyl ethers, vinyl ketones, and aromatic or heterocyclic aliphatic 
25 Vinyl compounds. Representative examples of suitable esters of acrylic. 
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^ethacyllc. and cmtonic acWs indude, wiU,ou. llmWon. those asters from 
reaction »ith satu,eted aliphaUc and cycIoaliphaSc alcohols containing 1 to 20 
carton atoms, such as methyl, ethyl, propyl, isopropy., n-butyl. isobutyl, tert- 
,H.tyl, 2-ethylhexyl, lauryl. stearyl, cydohexyl, trimethy1cyck.hexy.. 
5 tetrahydmfurfuryl. stearyl. sulfoeth^. and isobomyl acn^lates. meUnacnrlates. 
and crotonates; and polyalkytene glycol acylates and memacrylates. 
Representative examples of other emylenlcally unsaturated polymerizable 
nK„ome,s indude. without limitation, such compounds as fumade, malelc, 
and Laconic anhydndes. monoesters. and diesters W*. atohols such as 
,0 methanol, emanol. propanol. isopropanol. butanol. Isobutanol. and tert- 
butanol. Representative examples of polymerization vinyl monomers include, 
,^out limitation, such compounds as vinyl acetate, vinyl propionate, vinyl 
ethers such as vinyl ethyl ether, vinyl and vinylidene halides, and vinyl ethyl 
ketone. Representative examples of aromatic or heterocyclic allphaUc vinyl 
,5 compounds include, without limitation, such compounds as styrene, a^ethyl 
styrene, vinyl toluene, tert^utyl styrene. and 2-vlnyl pyrrolidone. The 
selection of monomers is made on «te basis of various factors comrrK,nly 
conskiered in making ink varnishes, including the desired glass transition 
temperature and the desired dilutabillty of the resulting polymer in me solvent 
20 or solvent system of the ink composiUon. 

The prefe^d vinyl polymers may be prepared by using conventtonal 
techniques, preferably free radtoal polymerization in a semi-batch pn^cess. 
For instance, the monomers, initiator(s). and any chain transfer agent may be 
,ed at a controlled rate into a suitable heated reactor chafed v*h sohrent in a 
25 semi-batch process. Typfcal free radical sources are organic peroxkies. 
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including dIaM peroxides, such as di-tert-butyl peroxide and dicumyl 
peroxide, pemxyesters. such as tert^wtyl peroxy 2-athylhexanoate and tert- 
butyl peroxy pivalate; peroxy cartonates and peroxydicarbonales, such as 
tert^utyl peroxy isopropyl carbonate. di-2.ethylhexyl peroxydicarbonate and 
5 dicyclohexyl peroxydicarbonate; diaoyi peroxides, such as dibenzoyi peroxide 
and dllauroyi peroxide; hydroperoxides, such as cumene hydroperoxide and 
tert-butyl hydroperoxide; ketone peroxides, such as cyclohexanone peroxide 
and methyllsobutyl ketone peroxUe; and peroxyketels. such as 1.1-bls(tert- 
butyl peroxy)-3.5.5-tnmethylcyclohexans and 1.1-bls(tert*u.yl peroxy) 
,0 cydohexane; as well as azo cor^pounds such as 2.2'-azobis(2- 
methylbutanenitrile). 2.2'-azobls(2-methyl)proptonltrile. and I.V- 
azobis(cyclohexanecarbonltme). Organic peroxides are preferred. 
Partlcularty preferred is ten-butyl pe«.xy Isopropyl carbonate. Chain transfer 
agents may also be used m the polymedzatton. Typical chain transfer agente 
,5 are meroaptans such as octyl me,x=aptan. n- or teModecyl meroaptan. 
thiosallcyllc acid, mercaptocarboxyllc adds such as mercaptoacetlc ackl and 
mercaptoproplonlc acid and their esters, and meroaptoethanol; halogenated 
compounds; and dlmerlc alpha-methyl styrene. Preferably, no chain transfer 
agent Is Included because of odor and other known drawbacks. The 
20 particular initiator and amount of Initiator used depends upon factors known to 
the person skHled In the art. such as the reaction temperature, the amount 
and type of solvent (in the case of a solutton polymerizalton). the half-life of 

the initiator, and so on. 

The addition polymerization is usually carried out in soluUon at 
25 temperatures from about 20-C to about 300X. preferably from about 150'C 
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,0 about 200-C, more preferably frorr, about 160-C to about 165-C. 
Preferab,,. the polymenza«on is earned out wim approximate,, the same 
.eacUon temperature and using the same ini«ator(s) mroughout. Tbe inWatc 
should be Chosen so its half* at the reaoUon temperature Is preferably no 
5 more man aboutthirty minutes, pa,«cu,ady preferably no more man about five 
minutes, and yet n^re preferably no more than about two minutes. 
Particular,, preferred are initiators having a half* of less than about one 
„inu.e at a temperatrre of fn,m about ,50-C to about 200-C. In genera,, 
^re of the branching monomer can be included v*en the ini«ator ha«* is 
,0 shorter andtor When more ini«ator is used. The vinyl polymer vehicles of the 
invenuon preferably have ii«le or no ,es«ua, (unrea*d) monomer content 
,n par^cular. me vinyl vehicles are preferably subs.an«a«y free of r^idual 
monomer. i.e.. have less than about 0.5% residual monomer, and even more 
preferably less man about 0.1% residual monomer by weight, based on the 
15 total weight of me monomers being polymerized. 

,„ a sem^batch process, the monomer and inWator is added to me 
polymerization .aCor over a period of time, preferably at a constant rate. 
- Typically, me add times a. from about 1 to about 10 hours, and add «mes of 
from about three to about five hours are common. Longer add times typically 
^0 produce lower number average molecular weights, towernumber average 
molecular weights may also be produced by Increasing me ratio of solvert to 
monomer or by using a stronger solvent for me resulting polymer. 

in general, me branched vinyl polymer of the Invention has a low 
number average moieorlar weigh, and a broad polydispersity. The number 
25 average molec^ar we^ht and weight average molecular we«h. of a vinyl 
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acceding to m lnven«on can be determined by gel penneation 
oh-onnatog-aphy using polyene standards, which are available for up to 6 
m»lion weight average molecular weight, according to well-accepted methods. 
Po^disperslty is defined as the ratU. of M. / U.. In a prefen«d embodiment, 
5 «,e vm^ polymer has a number average h«>lecular weigh. W of a. leas, 
about 1000. and more preferably at leas, about 2000. The number average 
molecular weigh, is also preferably less than about ,6,000, more preferably 
less man abou. 10,000. and even more preferably less man abou, 8500. A 
preferred range for M. is from abou. 1000 ,o abou. 10,000, a more preferred 
,0 range for K/t is frxnn about 2000 to about 8600, and an even more preferred 
™ge is from abou. 4000 .0 abou. 8000. The weigh, average molecular 
weigh, should be a. least about 30.000. prefembly a. least about 100.000. 
The weigh, average molecular we'flht (M.) is prefe^biy up to about 60 
million, based upon a GPC determinatton using an available standard having 
,5 6 nullion weight average molecular weight A preferred range for M. is from 
about 30,000 to abou. 55 mMlon. a more preferred range for M. is about 
,00 000 to about , million, and a s«l, n»re preferred range is from about 
100.000 to abou. 300.000. Resins having ultra^righ mdecular weight 
Shoulders (above about 45 million), which can be seen by GPC. are 
20 prefe^bly avoided for me M. range o, from about 100,000 to abou. 300,000. 
The polydispers* or raUo of M. I M., may be up to about 10,000. preferably 
up ,0 about 1000. The polydispersity is preferably a. leas. abou. 16. 
pamcularty preferably a, least ab<«. 60. The polydispersi.y preferably falls in 
tt,e range of from about 15 to abou, 1000. and more preferably i. falls in a 
25 range of fre>m abou. 50,0 abou, 800. 
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The theoretical glass transition temperature can be adjusted according 
to methods well-known in the art through selection and apportionment of the 
commoners. In a preferred embodiment, the theoretical Tg is above room 
temperature, and preferably the theoretical Tg is at least about 60" C. more 
5 preferably at least about 70°C. The methods and compositions of the present 
invention preferably employ vinyl polymers having a Tg of from about 50°C to 
about 125°C. more preferably from about 60»C to about lOOX. and even 
more preferably from about 70X to about SCC. 

In one embodiment of the invention, the acid-functional vinyl polymer. 
10 which may be a branched vinyl polymer, is combined with other resins in the 
ink composition. Examples of suitable other resins that may be combined 
with the acid-functional vinyl polymer include, without limitation, polyester and 
alkyd resins, phenolic resins, rosins, cellulosics. and derivatives of these such 
as rosin-modified phenolics. phenolic-modified rosins, hydrocarbon-modified 
15 rosins, maleic modified rosin, fumaric modified rosins; hydrocarbon resins, 
other acrylic or vinyl resins, polyamide resins, and so on. Such resins or 
polymers may be included in amounts of up to about 6 parts by weight to 
about 1 part by weight of the acid-functional vinyl polymer of the invention, 
based upon the nonvolatile weights of the resins. 
20 In addition to the acid-functional vinyl resin and any optional second 

resin, the ink compositions of the invention preferably include one or more 
solvents. In a preferred embodiment of the invention, the branched vinyl resin 
fom)s a solution or apparent solution having no apparent turbidity in the 
solvent or solvents of the ink fomnulation. The particular solvents and amount 
25 of solvent included is detemnined by the ink viscosity, body, and tack desired. 
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in general, non-oxygenated solvents or solvents with low Kauri-butanol (KB) 
values are used for inks that will be in contact with mbber parts such as 
rubber rollers during the lithographic process, to avoid affecting the mbber. 
Suitable solvents for inks that will contact rubber parts include, without 
5 limitation, aliphatic hydrocarbons such as petroleum distillate fractions and 
nomial and iso paraffinic solvents with limited aromatic character. For 
example, petroleum middle distillate fractions such as those available under 
the tradename Magie Sol, available from Magie Bros. Oil Company, a 
subsidiary of Pennsylvania Refining Company. Franklin Park, IL. under the 
10 tradename ExxPrint. available from Exxon Chemical Co.. Houston. TX. and 
from Golden Bear Oil Specialties. Oildale. CA. Total Petroleum Inc.. Denver. 
CO. and Calumet Lubricants Co.. Indianapolis. IN may be used. In addition 
or alternatively, soybean oil or other vegetable oils may be included. 

When non-oxygenated solvents such as these are used, it is generally 
15 necessary to include a sufficient amount of at least one monomer having a 
substantial affinity for aliphatic solvents in order to obtain the desired solvency 
of the preferred branched vinyl polymer. In general, acrylic ester monomers 
having at least six carbons in the alcohol portion of the ester or styrene or 
alkylated styrene, such as tert-butyl styiene. may be included in the 
20 polymerized monomers for this purpose. In a preferred embodiment, an ink 
composition with non-oxygenated solvents includes a branched vinyl resin 
polymerized from a monomer mixture including at least about 20%. preferably 
from about 20% to about 40%. and more preferably from about 20% to about 
25% of a monomer that promotes aliphatic solubility such as stearyl 
25 methacrylate or t-butyl styrene. with stearyl methacrylate being a preferred 
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su* « is auo prefar^d . inCude at .as. a.^. 5S% percent 

,„«„e, P^fe^bly .ron, about 55% to about 80% styrans. and n»,e 
p.,erab, t™. about 60% to about 70% styrene. Metby, ^ac^ate or 

3 30.»e„t. . aes-ed. A., percentages are b, we,b. based upon .be toU, 
weight 0, «,e monomer m^re p^ymerized. Among preferred n««>n«r 
compos^ons .or Vny. polymers .or „tbograpbic ,n.s are .ose .Oud.„g a 
,.e.b)ac^. ester o, an a,cobo, baVng 8-20 carbon atoms sucb as s.ea. 
^.acv-ate. serene. d.,ny,ben.ene. and ,n»tb,ac,y«c ao«. .n a preterred 

, .„bod.ent,abrancbedv...ora..bograp.opHnt;ng,n..n,adev^.rcrn 

3t„.ut ,5. preterab, about 20. to about 30. pre.erab,y about 25. »e.bt 
o. a (n.tb>ac,v.>c ester o, an a,cobo, bav.ng 8-20 ca*on aton» 
espeC,. stea^ ^tbaCate; .^n, about 50. pre,erab,y at<,u. 80, to about 
,0 p,e.erab,y about 75. we^b. percent o. a styrenic ntonon^r. espeCly 
, styrene i.e„; an amount o. diviny,ben»ne as Ind^ated above-, and from 
0.5. preterab, about 2.5. to about 5. pre,erab,y about 4. v.e,bt percent 
o, acn^lic acid or. more preterab^-. o. raemacry-lc acid. 

.as. about t OO-C and preterabiy not more .an about 550X. 0«set pdn«ng 
.0 in. ™y use sonants ^KbboHingpo.* above about 200-C. Mews in. 

a,s«„ates. Tbe amount o. sCven. also vartas according to tba type o, .n 
....pos,.^ (.bat ,s. wbether me in. is .or newspHn.. beatsat. sbaetted. a..,. 
, tba specKic so,yan. used, and omer .actors .u,o«n in .e ar. Typicaiiy tbe 
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seven. con«n. fer r,mographic inK= is up . about 60%. wMoh n,a, Indude 
oas as part Of .he solven. pac^e. Us^«y. a. leas. aU,u. 35% sCven. .s 
p,ese„. in iWc inK. When used .0 Annulate me prefened in. 
^^siUons o. «,e invention, *ese varnishes or vehides, induding U,e 
5 branched vinyi resins, are .ypically dear, apparen. soluUons. 

The ink composi.ions of ».e inventon w«l usually indude one or more 
pign,en.s. The nun^er and Kinds of pigment wil. depend upon .he Kind of 
i„K be»^ fonnulaM. News InK c^n^sMons .yplcally wiii include only one or 
on, a few p^men.s. such as carbon blacK. whHe gravure inKs n.y Wude a 
,0 „»re con,p.tea.ed p^n^n. pad<age and n„ay be fonnulafed In n«ny colors. 
,n*d.g colors ^ specie, effeds such as peaHescence or n,e* effed. 
Umograph^ pnn«ng inKs are .ypically used U, four colors - m.gen.a. yeilow. 
blacK. and cyan, and may be .onnuia.ed for paaHes^nce or n»* e«ed. 
Any of me cus.on,a,v inorganic and organic pigment n«y be used in tt,e .K 
„ „,„pos«onso,tt,epresen.,nven«on. Mema«ve,y, ma compos^ons o, me 

„ ,air ^) or varnishes (curtng, are in.e™ied .o be dear or 
- dansparen. and .bus opaque pigments are no. induded. 

Umographic mK compositons according to .he inven^n are 
,0 fon.ula,ed as single-^ InKs having an oH-based con«nuous phase mat 
eortains me acld-,unc«onal vinyl vehide a«. a poiyo. discontinuous phase 

r -A nnKml The Vinyl polymer phase is relatively stable 
mat contelns a liquid polyol. ine vinyi v r 

^ard .he po^cl phase. The s« is such that me ^ phases do no. 
.epara.e U, me fountain. Duhn, applica.ior, o,me inK, however, me emulsion 
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are no, » receive ink. InKs .hal are stable ,n .he .oun«r b„. break 
<,uk*l, to separate on the plate pnn. deanly without toning and provde 
insistent transfer characteristics. Proper stability also ma, ..epend upon the 
particular acid-functional vinyl polymer and the particular polyol chosen. The 
5 acid number and molecular weigh. n.y be ad^sted «. provide .he desired 
stability. Higher acK. number vinyl resins can be used in lower amounts, but 
^ ^ number cannot be excessively high or else the vinyl polymer will not 
be su«den«y soluble In me hydrocaAon solvent. In general, it is believed 
that an increase U, acid number o. the ,cid-h»,ctional vinyl resin shouW be 
,„ accompanied by a decrease h the amount o, such resin included in «,e 

hydrophobic phase. 

Polye.hylene glycol oligomers such as dietttylene flly«.l. «hylene 
g,^. and tetraethylene glycol, as well as ethylene glycol, propylene glycol, 
and dipropylene glycol, are examples of liquW polyr-s that are prefened for 
,5 the pCyol phase of the singMuKl ink of the Invention. The polyol phase 
of course, indude mrxhrres of different liquid polyols. In general, lower 
add number vin, o, acry.^ polymers are used with h^her molecular weigh. 
- polyou. The polyc. phase may include further materials. A w«,k add sud, 

as cWc add. tartaric add, or tannic ac«.. or a weak base su* as 
a„ trtethanolamine, may be Induded in an amount of *om about 0.01 weigh, 
percen. up to abou. 2 weigh, pendent of the ink «.mpositkH,. Certa^ salU 
sud, as magnesium nK,a.e ma, be Muded in amoun.s of from about 0.0, 
weight percem to about 0.5 werght percent, preferably from about 0.08 to 
about 1.5 weigh, pe^n.. based on the weight of the ink composition. .0 help 
„ p,o.ec. «,e Plate and extend me life of me plate. A wetting agent, such as 
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polyvinylpyrollidone. may be added to aid in wetting of the plate. From about 
0.5 weight percent to about 1.5 weight percent of the poiyvinyipyrollidone is 
included, based on the weight of the ink composition. 

Single-fluid inks may be fomiulated with from about 5% to about 50%. 
5 preferably from about 10% to about 35%. and particulariy preferably from 
about 20% to about 30% of polyoi phase by weight based on the total weight 
of the ink compositfon. Unless another means for cooling is provided, there is 
preferably a sufficient amount of polyol in the ink composition to keep the 
plate at a workably cool temperature. The amount of polyol phase necessary 
10 to achieve good toning and printing results depends upon the kind of plate 
being used and may be detemiined by straightfonvard testing. Up to about 4 
or 5% by weight of water may be included in the polyol phase mixture to aid in 
dissolving or homogenizing the ingredients of the polyol phase. 

It will be appreciated by the skilled artisan that other additives known in 
15 the art that may be included in the ink compositions of the invention, so long 
as such additives do not significantly detract from the benefits of the present 
invention. Illustrative examples of these include, without limitation, pour point 
depressants, surfactants, wetting agents, waxes, emulsifying agents and 
dispersing agents, defoamers. antioxidants. UV absorbers, dryers (e.g.. for 
20 formulations containing vegetable oils), flow agents and other rheology 
modifiers, gloss enhancers, and anti-setUing agents. When included, 
additives are typically included in amounts of at least about 0.001% of the ink 
composition, and may be included in amount of about 7% by weight or more 
of the ink composition. 
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The compositions of «>e invonUon are pertloularty suited for use In 
»ographto app.lce.ions. Inciuding, ^ limitation, as heatset InKs. news 
inks and st«etfed inKs. Offee. printing processes In which «.e inks of the 
mvenfcn may be used are welWKnown in the art and are described in many 
5 publications. 

The invention is illustrated by the following examples. The examples 
are merely .lustrative and do not in any way limit the scope of the inven«on 
as descnbed and claimed. A» parts are parts by weight unless othen«ise 

noted. 
10 Examples 

r unmrl'- " "rr-"""" " '""'^ ^^'^'^ 

An amount of 44.19 parts by weight of Total 220 (a petroleum middle 
«We fraction available from Total Petn„eum. Inc.) is charged to a glass 
reactor equipped with stirrer, ntrogen miet, total reflux condenser, and 
.5 monomer lnlet The solvent is heated to leOXwith stirring under a blanKet of 
nitroaen. A monomer mixture of 36.01 parts by weight styrene, 12.27 parts 
by weight stearyl methacrylate. 2.62 parts by weigh, divin^benzene. 1.69 
^ parts by weigh, methacrylic acid, and 2.79 parts by weight t-butyl peroxy 
isopropy. cart^onate (75% soluUon in mineral spirit) is added to the reactor 
20 over a period of mree hours. Af.er .he monomer addition is complete. 0.23 
parts by weight of .. butyl pemxy isopropyl cartponate is added over a period of 
fifteen minutes. The tempemurre « held a. 160-C for an additional two hours 
«, allow ibr complete conve^ion of the monomer to polymer. The measured 
amount of non-volatie matter (NVM) is 55%. The percn, conversion. 
„ measured as NVM divided by the percent of the tote, weight of monomers, . 
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100.1. The acid number on solution is 12.0 mg KOH per gram. The viscosity 
is 30 Stokes (bubble tube. 54.4-C). The solvent tolerance is 230% and the 
NVM at cloud point is 16.7%. 
F^,^,m plo 9 PrRnaratio " » Vi"V' Varnish 
5 An amount of 44.22 parts by v^eight of Golden Bear 1 108 (a petroleum 

middle distillate fraction available from Golden Bear Oil Specialties) is 
charged to a reaction flask equipped with stirrer, nitrogen inlet, total reflux 
condenser, and monomer inlet. The solvent was heated to 145»C with 
stirring. A monomer mixture of 33.86 parts by weight styrene. 12.6 parts by 
10 weight stearyl methacrylate. 3.1 parts by weight n-butyl acrylate. 1 .31 parts by 
weight divinylbenzene HP (80% divinylbenzene). 1.89 parts by weight 
methacrylic acid, and 2.89 parts by weight t-butyl peroxy isopropyl carbonate 
is added to the reaction flask over a period of 3 hours. After the monomer 
addition is complete. 0.23 parts by weight of t-butyl peroxy isopropyl 
15 carbonate is added to the flask over a period of 15 minutes. The temperature 
is held at 145»C for an additional two hours to allow for complete conversion 
of the monomer to polymer. The measured amount of non-volatile matter 
- (NVM) is 56%. The percent conversion, measured as the percent of the total 
weight of monomers converted to non-volatile matter is 101.5. The acid 
20 number on solution is 12.0 mg KOH per gram. The viscosity is 47 Stokes 
(bubble tube. 54.40C). The solvent tolerance is greater than 1400% and the 
NVM at cloud point is less than 3.7% (i.e.. no cloud point is observed yet at 
this dilution). 
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An anK>un. o. 461.2 parts by we^« c, C^ume. 600 (a petroleun, 
.3*0 ava.a«e fro. Ca-ume. UubHcan. Co.) is Ca^ed to 
a ^ss .ac«>r e,.ippe<. v*, nitrogen >n,e., total re.ux condenser, and 
S nonon^r Wet. The soWen, ,s heated to 145-C.wKh s»rrt„g under a blanKet o, 

t -jcn 1 narts bv weighl styrene, 131.3 parts 
nitrogen. A monomer mixture of 350.1 parts by w g 

^ J . 1 naits bv weiglit n-butyl acrylate. 17.1 
by weight stearyl methacrylate. 42.1 parts by g 

parts by weight dMnyiber^ene HP. 9.6 pats by weigh, metHaoryf- acid, and 
ag2 parts by weight t-buty, pe^xy .op^pyi carbonate <75% s.u«on . 
, „.eraispid.s,.a<.ed,othe.ac*.roverapedodo„hreehours. AHerthe 

^no^er addiUon is compiete. 2.4 paHs by weight o, t.ut, peroxy isoprop>^ 
earbonate . added over a period o. «teen minutes. The tempera^re . he« 
a. 145-C .or an addl«on^ two hour. « aliow for compiete conversion o. the 
„„„omer to poiymer. The measured a™>unto,non-voia«ema«er(MVM) is 

• « m^««iured as NVM divided by the percent of 
15 56%. The percent conversion, measured as nv 

i= ini 6 The acid number on solution is 6.3 
the total weight of monomers, is 101.6. The ac 

ThP viscosity is 35 Stokes (bubble tube. 54.4-C). The 
mg KOH per gram. The vtscosny is oo 

- solvent U,.eranoe is 80% and the NVM at cloud point is 31.0%. 

r^^n-rl.^ Prpnar-ltlnr"""!"""'^'"'^'' 

An amount o. 1548.1 parts by we'^h. of ExxPHnt 2830 (a petro.um 
„*,dle distii^e fracaon avai^ble f^m Exxon Chemical Co., is charged to a 
„ass reactor e,ulpp«l with s«r.r. n«ogen inlet, total reflux condenser, and 
^nomer iniet. The solvent Is heated to 145X with s«r*g under a blanKet of 
nitrogen. A monomer mbdure of 1248.5 parts by we^ht styrene. 429.6 parts 
^ by weigh, steary, methac,y.te. 102.8 parts by weight n-butyi acryla.. 68.9 
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parts by weigh. diviny,be,«e„e HP, and 86.7 pans by weight peroxy 
..p.py, catenate (75% scWon ih .ine^. spihts, . added to the rea*r 
over a penod o. three hou.. A«er ^ monon«r add»on Is oon,p,ete. 16.4 
partsby welghtoft-buty. peroxy iscpropy, carbonate . added overa perU^d o. 
, „«een minute. The temperature . he,d at 145-C tor an addH^na, two hours 
U> a«ow tor complete conversion o, the monomer to poiymer. The measured 
amount a, non-voiatKe maUer (NVM) is 66%. The percent convers-«.n. 
measured as NVM dK^ded by me pen^nt o, the total weight of monomers. ,s 

- I. Stokes (bubble tube, 54.4-C). The solvent 
101.4. The viscosity is 25 stoKes luuu 

10 tolerance is 160% and the NVM at cloud point is 21 .6%. 

.. . , HMtset qini- qi'lrt Pri ntin Irl^ Vr-""*'"" '° 

fhA Invention 

58 0 grams o. the foUowhg MMure 5A : added to 142.0 grams of «te 
following Mature 6B with s,nfng. The ink «,mpos,Uon is mixed for 20 
,5 minutes on a d.persaU>r. maintaining a vortex and holding me temperature 
under 140^. The ink composition has a single fail time Laray of 14 to 17 

wr. When used in a single-fluid heatset 
seconds for 500 grams at 30 C. wnen 

- iimographic printing process, me ink prints wimout toning. 
Mixture 5A: 

Mix in a glass beaker un« clear 181.0 grams of diemylene glycol. 8.0 
nitrate. Add 191. 2 grams of dfemylene glycol and mix unUI homogenous. 
Mixture 5B: 

Mix. using a high-speed n«xer. 46.0 grams of the vHiy. vehicle of 
« Example 1. 4.0 grams o, BU,e Flush 12-FH-320 (availal.e from CDR 
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Ccn-ora^n, El^beimown. KY) 1.0 gram .echnica, grade Soy oi, (availaHe 
Ca^i,,, Chicago. .L, and 0.6 grams o. an a„«ox.dant Whne m«ng, add 
34 4 grams o, a hydrocarbon resIn solution (60% LX-2600 ,n EXX-Phn. 283D. 
avanable .n,m Nevi.a), 27.0 grams of a oan>on «ac. (CSX-1 56 avaUaMe from 
5 cabo, corp.). and 1.0 gram o. a p<^e.a«uoroeWene wax (PUrnaCe 
9500D. available tx.n. Carro, Science). Mix a. a high speed for 30 minutes 
a, 300-F Slow *e mixing speed and add 27.0 grams of EXX-Pnnl 588D 
(available from Exxon). Mill p.«mix in a s.». mill .o a suitable gdnd. 
M^re B has a Uray viscos»y of 180 to 240 poise and a Laray yi^d of 800 
,0 ,0 1200 (according to test method ASTM D4040: Pov,er Law - 3K. 1.5K, 0.7k. 
0.3K). MMure 6B U tested on the InKometer ^ one minute a. 1200 rpm for a 
measured result of 25 to 29 units. 

r iliin -' n V— ""id Piintinn mK A.-x.ordinq to 

thP Invention 

15 Mixture 6A: 

A mixture of 87.0 grams of diethylene glycol, 12.7 grams of glyoenn, 
0.15 gram of citric aoid monohydrate. and 0.15 grams of magnesium nitrate 

X. J hoot /at 130-1 40^) until homogenous, 
hexahydrate are stin-ed with heat (at iHu r; 

Mixture 6B: 

,0 A blend of 40.2 grams of a gteonlte varnish, 0.8 gram oronite, 17.9 

grams MSO solvent (available from Calumet), and 41.1 grams of a carbon 
black (CSX.320 from Cabot Corp.) wera mixed with shear fo a 4.0 on me 
Hegman grind gauge, and then ground ,„ a shot m« fo a gdnd on a 2 m- 
gauge of a. feast 0/10. The Uray vis«>si.y at SOX is measured as 206 po,se 
,5 for a drop with 2000 grams of added we'^h. and as 1332 poise for a drop w«h 



• 
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aOO gran^ of added weigh. (. 25% accuse) and fl.es an inKon«.er .ad.g 
(32-C) .or 1 n*,ute a. 400 ,pm fo.^ Immediate^ by 1 minute a, 

1200 rpm of 5-10 units. 
News Ink: 

The news inK U prepared by n,ix^g together 32.4 grams o. the mixture 
B and 37.6 grams o, Exampie 2 to obtain a Mixture 6C Having an InKometer 
reading a. 90-F (32-C, .or 1 minute a, 400 rpm .^«ed immed*iy by 1 

acocniing to ASTM D4040 (power iaw 2000, ,=O0. 1000, 500, at 2500 . o. 
285 poise w«h a pseudo yie. o. 1709 dynes per cm^. To obtain the * 30.0 

^„utes. Theresu,«ng,nKhasasing,e.a«..meLarayat30-Oo,21 seconds 

lithographic printing process. 

Examples 7-12 and Comparative Examples M 
- . The Exempts 7-12 and Comparat^e Examples were prepared by the 

method o, Example 5 and tested .Pr stabii«y and toning in a iUhographrc 

20 printing process. 



wo 00/32705 



26 



PCTAJS99/28173 




ffst'Sn black pigment in 51% of hydrocarbon varnish solutlor,, 3% 
soy oil. 1% of antioxidant 
3. Mixture 5A of Example 5. 




Fountain Break Time 
(seconds) 



Tone 



4. 55% RP 369 (avai 



(not stable 
enough to run) 



(not stable 
enough to run) 



(not stable 
enough to run) 



Immediate 
(tones on first 
sheet) 



10 



able from Westvaco. St. Lou.s. MO) in EXX-PnSt283D: 
The invention has been described in detail with reference to preferred 
embodiments thereof. It should be understood, however, that variations and 
.modifications can be made within the spirit and scope of the invention and of 
the following claims. 
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What is daimed is: 

1 A lithographic ink composition, comprising 

a continuous phase comprising an acld-ftinctional vinyl resin and 
a polyol phase comprising a liquid polyol. 
3 2 A lithographic ink composition accooling to claim 1. wherein the liquid 
polyol is selected from the group consisting of ethylene glycol, diethylene 
„ycol. trlethylene glycol, tetraethylene glycol, propylene glycol, dipropylene 
glycol, and mixtures thereof. 

3 A l«hog,Bphio ink composlUon according to daim 1. therein me ink 
,0 oomposHion ^Cudes from a^. 5% to abou. 50% o, me pCyo, phase .y 

weight. 

4 A iimographic ink con,position according to daim 1. wherein the ,nl> 
oonrposiSon indudes fton, ahou. 10% to about 35% o, ma po„o, phase ^ 
weight. 

A iithographlc Ink composWon according to daim 1, wherein me ,nk 

weight. . 

6. A iimographic ink composition according to daim 1, wherein me po„o1 

phase Indudes a weak add or a weak base. 
,0 7. Ai»hographlclnkcompos«ionaca>rdingtod^m1.wherein.hepo.yo> 

phase include magnesium nitrate. 

8. A iimographic ink composidon according to daim 1, wherein me polyo, 
phase is nonaqueous. 



15 5. 
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9. A lithographic ink composition accortlng to dalm 1 . wherein the vinyl 
pol,n,er has as add number of a. leas, about 3 mg KOH per gram 

nonvolatile. 

10. A irthographlc Ink composition according to dalm 1. wherein the vinyl 
5 polymer has as add number of from about 3 to about 30 mg KOH per gram 

nonvolatile. 

,1. A lithographic mk composition acconJlng to dalm 1, .herein the vinyl 
polymer has as add number of from about 8 to about 25 mg KOH per gram 
nonvolatile. 

10 12. A lithographic ink composition, comprising 

a continuous phase comprising a branched. acid-funcUonal vinyl resin 

and 

a polyol phase comprising a liquid polyol. 
13. A lithographic ink composition according to claim 12. wherein the vinyl 
15 resin has a number average molecular weight of between about 1000 and 
about 15.000 and a weight average molecular weight of at least about 
100,000. 

- 14. A lithogmphlc hk composition according to dalm 1, wherein the 
continuous phase further Indudes a member seleded from the group 
20 consisting of polyester resins, hydrocarton resins, alkyd resins, phenolic 
.Bslns. mslns. celluk>slc resins, and modilicaUons thereof, and mixtures 

thereof. 

15. A method of making a lithographic printing ink. comprising a step of 
combining a first composition comprising an acid-functional vinyl resin and a 
25 second composition comprising a liquid polyol. whereby a printing ink is 
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formed having as a continuous phase the first composition and as a 
discontinuous phase the second composition. 
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